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Description 



ELECTRICALLY CONDUCTIVE 
SELF-LUBRICATING BEARING SYSTEM 
AND A METHOD FOR IMPLEMENTING 
SAME 

Background of Invention 

[0001] This invention relates generally to a self-lubricating bear- 
ing system and a method for implementing a self- 
lubricating bearing system and more particularly to an 
electrically conductive self-lubricating bearing system and 
a method for implementing the same. 

[0002] Most existing bearing system designs utilize a thin dry 
film lubricant or grease to lubricate bearings used in ap- 
plications that experience high loads such as static Joints, 
applications that experience oscillatory motions or appli- 
cations that experience high levels of vibration or micro- 
motion. However, one of the main problems observed with 
these designs is that the dry film lubricant or grease mi- 



grates out of the bearing resulting in fretting, galling, 
seizure or migration of the bearing in the bearing housing 
(rotational and/or axial movement). In an attempt to ad- 
dress this problem, bearing system designers have tried 
to apply self-lubricating PTFE or Teflon®fabrics and/or 
non-peelable PTFE or Teflon®liner systems. 

[0003] In addition, previous self lubricating bearings used in 

aerospace applications for over twenty-five years are not 
electrically conductive, and in fact, act as insulators for 
electrical current. Bearings used in such applications must 
include a conductive path to dissipate static electricity 
that is built up flying through clouds and to dissipate 
electrical current during landing with a path to ground. In 
the past, aircraft manufacturers have had to use a sepa- 
rate wire called a "jump strip" to pass current around the 
insulating self lubricating bearing which results in addi- 
tional complexity and cost. 

[0004] Therefore, there is a need for an electrically conductive 
self-lubricating bearing system and a method for imple- 
menting the electrically conductive self-lubricating bear- 
ing system, wherein the self-lubricating bearing system 
satisfies desired stiffness, load carrying requirements, and 
wear life, and wherein the method and system may be im- 



plemented without a using a bypass jumper wire to allow 
electrical current or charges to be passed through the 
bearing in an inexpensive and reliable manner. 
Summary of Invention 

[0005] An electrically conductive self-lubricating bearing system 
includes: a mating structure having a mating surface; an 
electrically conductive substrate, wherein the substrate 
includes a substrate surface having a plurality of valleys 
defined by at least one electrically conductive rib extend- 
ing therefrom; and a lubricating material, wherein the lu- 
bricating material is disposed within the plurality of val- 
leys, an exposed surface of the lubricating material sub- 
stantially flush with an end defining a length of the rib so 
as to be communicated with the substrate surface and the 
mating surface, wherein the rib is in electrical communi- 
cation with the mating surface. 

[0006] A method for implementing an electrically conductive 
self-lubricating bearing system comprising: defining a 
plurality of valleys within a metallic substrate surface with 
at least one electrically conductive rib extending there- 
from; cleaning the substrate surface so as to remove im- 
purities from the substrate surface; bonding a lubricating 
material to the substrate surface so as to dispose a de- 



fined thickness of the lubricating material on the sub- 
strate surface, the lubricating material including a poly- 
mer resin having lubricating particles embedded within 
the polymer resin; curing the lubricating material to adhe- 
sively bond the lubricating material to the substrate; re- 
moving at least one of the lubricating material and ex- 
tending rib material such that an exposed surface of the 
lubricating material is substantially flush with an end 
defining a length of the rib; and associating the substrate 
with a mating structure having a mating surface, wherein 
the mating structure is disposed relative to the substrate 
such that the lubricating material is disposed between the 
substrate surface and the mating surface, the rib being in 
electrical communication with the mating surface. 
[0007] In an alternative embodiment, the lubricating material 

may include a woven fabric material that is combined with 
the resin and allowed to cure so that the fabric material 
fills the recesses of the substrate. Excess resin is removed 
keeping the rib substantially flush with an exposed sur- 
face of the self lubricating fabric material while the rib is 
in electrical communication with the mating surface. 
Brief Description of Drawings 

[0008] jhe above discussed and other features and advantages 



will be appreciated and understood by those skilled in the 
art from the following detailed description and drawings, 
wherein like elements are designated by like numerals in 
the several figures. 
[0009] Referring now to the drawings: 

[0010] Figure 1 is a cross-sectional side view during intermediary 
processing of a substrate having a plurality of ribs ex- 
tending therefrom and at least one of excess lubricating 
material and elongated ribs shown in phantom aligned 
with a mating surface, showing ribs defining self- 
lubricating reservoirs in accordance with an exemplary 
embodiment; 

[001 1] Figure 2 is a cross-sectional side view of the substrate 
communicated with a mating surface, showing the lubri- 
cating material disposed in the self-lubricating reservoirs 
and metal ribs substantially flush with an exposed surface 
of the lubrication material; 

[0012] Figure 3 is a flow diagram describing a method for imple- 
menting a self-lubricating bearing system in accordance 
with an exemplary embodiment; 

[0013] Figure 4 is a perspective view of an exemplary embodi- 
ment of an electrically conductive self-lubricating bush- 
ing; 



[0014] Figure 5 is a perspective view of an exemplary embodi- 
ment of an electrically conductive self-lubricating spheri- 
cal bearing assembly illustrating a shaft extending 
therethrough in phantom; and 

[0015] Figure 6 is a perspective view of a spherical ball removed 
from the spherical bearing assembly of Figure 5 illustrat- 
ing outboard electrical conductive ribs for electrical com- 
munication with an outside race of the assembly and an 
interior centrally disposed rib for electrical communication 
with the shaft. 
Detailed Description 

[0016] Referring to Figure 1, an electrically conductive self- 
lubricating film/metallic bearing system 1 is shown during 
intermediary processing and described. In accordance 
with an exemplary embodiment, a self-lubricating bearing 
system 1 is illustrated and preferably includes a substrate 
2, a mating structure 4 and a lubricating material 6. Sub- 
strate 2 preferably includes a substrate surface 8 having 
at least one rib 12 and a plurality of valleys 10 defined 
therein, wherein each valley 10 includes a valley depth d. 
Mating structure 4 includes a mating surface 14, wherein 
mating surface 14 is preferably a hard, smooth metallic 
surface. In accordance with an exemplary embodiment. 



mating structure 4 is preferably a chrome plated metallic 
surface. However, mating structure 4 may be constructed 
of a hardened corrosion resistant and/or stainless steel 
and/or metallic substrate that has been chrome plated, 
plasma sprayed and/or high velocity oxy fuel (HVOF) 
coated. In addition, mating structure 4 may be con- 
structed of any material or combination of materials suit- 
able to the desired end purpose. In accordance with an 
exemplary embodiment, mating structure 4 may be any 
hard, smooth metallic surface suitable to the desired end 
purpose, such as a shaft in a bushing product or against a 
ball in a spherical bearing product. 

[0017] In accordance with an exemplary embodiment, substrate 2 
is a metallic substrate preferably constructed of copper 
nickel tin, beryllium copper, aluminum nickel bronze, 
copper, brass, aluminum, and/or corrosion resistant steel. 
However, substrate 2 may be constructed from any mate- 
rial suitable to the desired end purpose. 

[0018] In accordance with an exemplary embodiment, recesses or 
the plurality of valleys 10 are defined by at least one rib 
12 when substrate surface 8 is machined such that thin 
recesses are formed into the metallic substrate 2. The re- 
cesses can be machined in any pattern such as, but not 



limited to concentric rings, along a helix, along a very 
coarse thread pitch (See FIG. 4), a diamond pattern, etc. 
The machining of the recesses forms thin raised ribs 12 
(four shown in FIG. 1). 
[0019] In accordance with an exemplary embodiment, lubricating 
material 6 is preferably constructed from polymer 
(polyester) resin, lubricant particles such as, but not lim- 
ited to polytetrafluorethylene (PTFE), Teflon®, fluorinated 
ethylene propylene (FEP), molybdenum disulfide, molyb- 
denum, graphite, polyester, and other suitable filler parti- 
cles to form a self-lubricating bearing liner system. In ac- 
cordance with an exemplary embodiment, lubricating ma- 
terial 6 (resin system) may be an epoxy, polyimide, ure- 
thane, acrylic, phenolic, polyester, or any other lubricating 
material 6 suitable to the desired end purpose. Moreover, 
lubricating material 6 preferably includes polytetrafluo- 
rethylene (PTFE), Teflon®, fluorinated ethylene propylene 
(FEP), molybdenum disulfide, molybdenum, graphite, 
polyester particles and/or fibers. These particles and/or 
fibers are preferably commercially available and sold par- 
ticles that are mixed with a liquid polymer resin that form 
a liquefied slurry mixture that turns into a homogenous 
solid material when the slurry mixture is cured (baked) 



during the fabrication process. Furthermore, lubricating 
material 6 is preferably constructed from several types of 
resins so as to advantageously provide operational capa- 
bility for thermal environments from about -200T to 
about +700T. 

[0020] Lubricating material 6 is preferably disposed relative to 
substrate surface 8 so as to form a film 16 having a de- 
fined thickness a, coating the surface area of substrate 
surface 8. Thickness a may be a desired thickness to 
achieve a bearing operational life suitable for its desired 
end purpose. In addition, lubricant material 6 is also 
preferably disposed relative to substrate surface 8 so as 
to be disposed within plurality of valleys 10. In particular, 
lubricant material 6 may be applied to a level, corre- 
sponding with thickness a, just above a height of the thin 
ribs 12 (four shown) which have been machined into the 
metallic substrate surface 8 in one embodiment. In an- 
other alternative embodiment, ribs 12 may extend past 
the applied lubricant material 6 as shown in phantom. 
Preferably, lubricant material 6 is applied so as to be sub- 
stantially flush with the thin ribs 12 to reduce material 
waste. 

[0021] In accordance with an exemplary embodiment, thickness a 



of film 16 is preferably about 0.001 to about 0.030 inches 
thick. The recesses or plurality of valleys 10 can be ma- 
chined in any pattern such as, but not limited to concen- 
tric rings, along a helix, along a very coarse thread pitch, 
a diamond pattern, etc. The machining of the recesses 10 
forms the four thin raised ribs 12 illustrated in Figure 1. 

[0022] Referring now to Figure 2, the self-lubricating liner mate- 
rial 6 is then partially removed or machined back to ex- 
pose the metallic substrate ribs 12 that are formed from 
prior machining of the recesses. Excess material 16 is re- 
moved from the ends defining a length of each rib 12 due 
to a manufacturing process such as by sanding, polishing, 
or light machining keeping the ribs 12 flush with an ex- 
posed surface of the self lubricating liner material 16 that 
is bonded into each of the plurality of valleys 10. It will be 
recognized by one skilled in the pertinent art that removal 
of excess resin as discussed above may not be required if 
substrate 2 is molded to finish size. 

[0023] In an alternative embodiment, the electrically conductive 
bearing system may be created in a similar way to that 
described with respect to Figures 1 and 2 above. More 
specifically, lubricant material 6 includes using a PTFE or 
Teflon®, FEP, graphite, or polyester fabric material that is 



comprised of PTFE or Teflon®, FEP, graphite, or polyester 
threads which are woven together with other threads in- 
cluding but not limited to polyester, cotton, nylon, arimid, 
glass fiber, or carbon fiber. This fabric is combined with a 
resin system comprised of, but not limited to, polyimide, 
urethane, epoxy, acrylic, phenolic, polyester in either a 
liquid form or by prior B-staging of the resin into the fab- 
ric. The fabric of the proper thickness a is then placed into 
the machined recesses 10 and is cured so that the fabric 
fills the recesses of the metallic substrate 2 up to a level 
corresponding with a height of the ribs 12 that have been 
formed by machining the recesses into the substrate ma- 
terial. Referring to Figure 2, any excess resin may then re- 
moved from the ribs by sanding, polishing, or light ma- 
chining keeping the end defining a length of each rib 
flush with an exposed surface of the self lubricating fabric 
that is bonded into the recesses. Alternatively, any excess 
resin may be removed when the fabric is pressed into the 
machined recesses 10 of substrate 2 with the ribs 12 act- 
ing as a mechanical stop, thus eliminating any machining 
and ensuring that the ribs 12 are substantially flush with 
an exposed surface of the cured lubricant material 6. 
[0024] Referring to Figure 3, a method for implementing an elec- 



trically conductive thin self-lubricating film/ metal lie bear- 
ing system 100 is shown and described. In accordance 
with an exemplary embodiment, a lubricating material 6 
and a substrate 2 having a substrate surface 8 is obtained 
as shown in step 102. In addition, a mating structure 4 
having a mating surface 14 is also obtained. Substrate 
surface 8 is then processed so as to create a plurality of 
valleys 10 defined by at least one rib 12 as shown in step 
104. 

[0025] Substrate surface 8 is optionally processed by mechani- 
cally roughening substrate surface 8 via abrasive grit 
blast, controlled peening, a mechanical knurling process, 
drilling, machining and/or via any method and/or device 
suitable to the desired end purpose, such as chemical 
techniques (e.g., etching) or other mechanical techniques. 

[0026] In accordance with an exemplary embodiment, substrate 2 
is preferably constructed using an electrically conductive 
metal and/or a combination of metals that are corrosion 
resistant and that are selected for their resistance to 
galling and/or fretting while in contact with mating sur- 
face 14. However, substrate 2 may be constructed using 
any material suitable to the desired end purpose, such as 
copper nickel tin, beryllium copper, aluminum nickel 



bronze, copper, brass, aluminum, and corrosion resistant 
steel. 

[0027] Once substrate surface 8 is processed, substrate surface 8 
is then chemically cleaned so as to remove any impurities 
as shown in step 106. In accordance with an exemplary 
embodiment, substrate surface 8 is preferably cleaned us- 
ing a chemical etchant. However, substrate surface 8 may 
be cleaned using any alkaline cleaning solution and/or 
any solvent, method and/or device suitable to the desired 
end purpose. 

[0028] Lubricating material 6 is then applied to substrate 2 as 

shown in step 108. In accordance with an exemplary em- 
bodiment, lubricating material 8 is preferably applied so 
as to form a desired thickness film 16 on substrate sur- 
face 8 and so as to be contained within plurality of valleys 
10. More preferably, the self-lubricating liner material 6 is 
applied to a level just above the height of the thin ribs 12 
extending from substrate 2 which have been machined 
into the surface 8 of the bearing metallic substrate 2. 

[0029] Once lubricating material 6 has been bonded and allowed 
to cure on substrate surface 8, any excess self-lubricating 
liner material 6 is removed by machining back to expose 
the metallic substrate ribs 12 that are formed from prior 



machining of tlie recesses. Excess material 6 is removed 
from tlie ribs 12 by sanding, polishing, or light machining 
keeping the ribs 12 generally flush with the exposed sur- 
face of the self lubricating material 6 that is bonded into 
the valleys 10. Alternatively, any extending ribs 12 ex- 
tending past the cured liner material 6 are likewise ma- 
chined to be substantially flush with an exposed surface 
of the liner material 6. 

[0030] Substrate 2 is then disposed so as to be associated with 
mating structure 4 as shown in step 110. In accordance 
with an exemplary embodiment, mating structure 4 is 
preferably disposed relative to substrate 2 such that lubri- 
cating material 6 is disposed between substrate surface 8 
and mating surface 14, while ribs 12 are in electrical com- 
munication with mating surface 14 providing an electrical 
conductive path therethrough. 

[0031] In accordance with an exemplary embodiment, as the 
bearing is used in service, a very thin film of lubricating 
material, which is a by product from the natural self lubri- 
cating function of the bearing, provides just enough lubri- 
cation to prevent wear damage to the mating sliding sur- 
face from the thin ribs in the self lubricating bearing sys- 
tem. As the bearing is actuated the ribs are also self 



cleaning as the metal rib rubs against the metallic mating 
surface (shaft, spherical ball) providing a clean contact for 
good electrical conductivity. Testing conducted by the as- 
signee of this type of bearing system has shown electri- 
cally resistance of less than 1 ohm which meets the re- 
quirements specified by aircraft manufacturers. 

[0032] In accordance with an exemplary embodiment, the self- 
lubricating material is advantageously contained in valleys 
10 formed by processing substrate 2. As this bearing ex- 
periences oscillations, vibrations, or micro-motion, lubri- 
cating material 6 contained within valleys 10 is continually 
dispersed to form a lubricant film transfer to the mating 
surface 14 while the plateaus 12 of substrate 2 provide an 
electrical conductive path thereto. This unique type of 
construction advantageously prevents the escape of parti- 
cles of lubricating material 6 from the wear zone as the 
valleys 10 defined by plateaus or ribs 12 act to catch and 
retain lubricating material 6 by plateaus 12 of substrate 2 
as the bearing system 1 oscillates and/or rotates. 

[0033] In accordance with an exemplary embodiment, mating 

structure 8 may be an integral component of bearing sys- 
tem 1, such as a spherical ball is a spherical bearing as in 
Figures 5 and 6, and/or mating structure 8 may be a sep- 



arate component, such as a shaft which is inserted into a 
bushing and thus becomes mating structure 8 as in Figure 
4. 

[0034] Referring now to Figure 4, an exemplary embodiment of 
an electrically conductive self-lubricating bushing 200 is 
illustrated. Bushing 200 is a metallic substrate as de- 
scribed above having a generally cylindrical shape except 
for a flange 220 extending from one end. The cylindrical 
portion of bushing 200 defines a cylindrical aperture 222. 
Aperture 222 is further defined by a rib 212 configured in 
a course thread pitch, such that two threads illustrated in 
Figure 4 correspond to a continuous thread but depicted 
as two ribs 212 as seen in Figure 4. The continuous rib 
212 provides a electrical communication through bushing 
200 to a shaft (not shown) disposed in aperture 222. Lu- 
bricant material 206 is disposed in valleys (not shown) 
defined by rib 212 extending radially inwardly with re- 
spect to aperture 222. As described above, lubricant ma- 
terial 206 is machined to keep rib(s) 212 substantially 
flush with an exposed surface of self-lubricating material 
206 that is bonded in the valleys, while rib(s) 212 provide 
an electrical conduction path through bushing 200 and to 
a shaft disposed therein. 



[0035] Referring now to Figures 5 and 6, an exemplary embodi- 
ment of an electrically conductive self-lubricating spheri- 
cal bearing assembly 300 illustrating a shaft 324 extend- 
ing therethrough in phantom is shown in FIG. 5, while the 
spherical bearing 326 is shown removed from the assem- 
bly 300 in FIG. 6. Spherical bearing assembly 300 includes 
spherical bearing 326 disposed in a bearing outer race 
328 of assembly 300. Bearing outer race 328 is config- 
ured to be secured via apertures 330 to a frame, for ex- 
ample, while spherical bearing 326 allows rotation of 
shaft 324 disposed therein and outer race 328 allows piv- 
otal movement about a shaft portion disposed in the 
spherical bearing 326. 

[0036] Spherical bearing 326 defines an aperture 322 configured 
to have shaft 324 disposed therein. Shaft 324 is in electri- 
cal communication with a first rib 312 defining an interior 
central region of aperture 322. Two more ribs 312 define 
outboard ends of spherical bearing 326 and are config- 
ured to provide electrical communication with outer race 
328 when spherical bearing 326 is disposed therewith. 
Self-lubricating material 306 is bonded in valleys (not 
shown) defined by ribs 312 to keep ribs 312 substantially 
flush with an exposed surface of the self-lubricating ma- 



terial 306 that is bonded in tlie corresponding valleys on 
both sides of bearing 326. 

[0037] The bearing types that are contemplated using an electri- 
cally conductive bearing system and method discussed 
above include, for example, but limited thereto, bushings 
(sleeve or flange types), spherical bearings that provide 
misalignment capability, track roller and airframe type 
cam follower bearings, and thrust bearings. 

[0038] The self-lubricating bearing system and method de- 
scribed herein allows for the mating metallic surface (e.g., 
shaft, spherical ball) that the self lubricating liner system 
slides against to also come in contact with thin metallic 
ribs in the self lubricating bearing. These thin ribs form a 
continuous electrically conductive path. As the bearing is 
used in service, a very thin film of lubricating material, 
which is a by product from the natural self lubricating 
function of the bearing, is deposited on these thin ribs to 
provide just enough lubrication to prevent wear damage 
to the mating sliding surface from the thin ribs in the self 
lubricating bearing system. As the bearing is actuated, the 
ribs are also provide self cleaning as the metal rib rubs 
against the metallic mating surface (e.g., shaft, spherical 
ball) providing a clean contact for good electrical conduc- 



tivity. This type of bearing system has shown electrically 
resistance of less than one ohm, which meets the require- 
ments specified by aircraft manufacturers. 
[0039] While the invention has been described with reference to 
an exemplary embodiment, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof with- 
out departing from the scope of the invention. In addition, 
many modifications may be made to adapt a particular 
situation or material to the teachings of the invention 
without departing from the essential scope thereof. 
Therefore, it is intended that the invention not be limited 
to the particular embodiment disclosed as the best mode 
contemplated for carrying out this invention, but that the 
invention will include all embodiments falling within the 
scope of the appended claims. 



